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Abstract 

Shadowing effects in deep-inelastic lepton-nucleus scattering probe the mass spec- 
trum of diffractive leptoproduction from individual nucleons. We explore this rela- 
tionship using current experimental information on both processes. In recent data 
from the NMC and E665 collaboration, taken at small x <C 0.1 and ^ IGeV"^, 
shadowing is dominated by the diffractive excitation and coherent interaction of 
low mass vector mesons. If shadowing is explored at small x <^ 0.1 but large 
^ 1 GeV^ as discussed at HERA, the situation is different. Here dominant con- 
tributions come from the coherent interaction of diffractively produced heavy mass 
states. Furthermore we observe that the energy dependence of shadowing is directly 
related to the mass dependence of the diffractive production cross section for free 
nucleon targets. 



*) Work supported in part by BMBF. 



1 Introduction 



In recent years diffractive photo- and leptoproduction of hadrons has become a field of growing 
interest. The diffractive excitation of heavy hadronic states with invariant masses Mx ^ 5 GeV 
has been investigated for photoproduction at FNAL Recent data from HERA explore the 
kinematic region ^GeV^ < < 100 GeV^ and Mx < 15 GeV |, |, |, |, i- 

While diffractive photo- and leptoproduction of hadrons from nucleons is an interesting 
subject all by itself, it also plays a major role in the shadowing phenomena observed in high 
energy (virtual) photon-nucleus interactions. Shadowing in deep-inelastic lepton scattering is 
important at small values of the Bjorken scaling variable x = Q'^/2p-q, where p'^ and = (z/, q) 
are the nucleon and photon four-momenta, respectively, and = —q^. Here plenty of new 
data have become available from high precision experiments at FNAL (E665) 0, ^ and CERN 
(NMC) 0. Because of the fixed target nature of these experiments the average available 
momentum transfer is small, ^ 1 GeV^ at x <^ 0.1. Currently options to accelerate ions at 
HERA are under discussion. This would allow to investigate shadowing effects at a; -C 0.1 also 



at large > 1 GeV^ |T0| 



In this paper we systematically explore nuclear shadowing in different kinematic regimes 
using the available experimental information on diffractive production processes from nucleons. 
Since the connection between diffraction and shadowing is most evident for processes involving 
a pair of target nucleons, we will focus on shadowing effects in deuterium. We find that in 
the kinematic regime of the E665 and NMC measurements shadowing is mainly due to the 
diffractive excitation and multiple scattering of vector mesons. This would be different at 
HERA, where the diffractive production of heavy mass states with Mx ~ would play a 
dominant role. 

Nuclear shadowing in deep-inelastic scattering can also reveal details on diffractive processes 
from individual nucleons. For example, the energy dependence of nuclear shadowing is directly 
related to the dependence of the diffractive production cross section on Mx, the mass of the 
final hadronic state. 

This paper is organized as follows: the available data on diffractive photo- and leptopro- 
duction of hadrons are briefly summarized and discussed in Sec. 2. In Sec. 3 we review the 
relationship between shadowing and diffraction. The diffractive production cross sections from 
Sec. 2 are then used to investigate shadowing for deuterium. Conclusions follow in Sec. 4. 



2 Diffractive production of hadrons from free nucleons 

Consider the diffractive production of hadrons in the interaction of high energy real or virtual 
photons with free nucleons, 7* -|- — X -|- A^. As in diffractive hadron-hadron collisions 
such processes are important at small transfered momenta. The corresponding cross sections 
drop exponentially with t = {p — p'Y = k"^ — fc^, where p and p' are the momenta of the 
initial and flnal nucleon. For our considerations we choose the laboratory frame where the 
target is at rest, p'^ = (M, 0), and flx the z-a.xis to be parallel to the photon momentum: 
q^ = (z/, 0^, y/Q^~+l^). The production of a hadronic final state X with an invariant mass Mx 
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requires a minimal momentum transfer: 



X 



2v 



Mx 1 + 



X 



(1) 



The diffractive excitation, with t required to be small, of heavy hadronic states is therefore 
possible only at sufficiently large photon energies u or, equivalently, at small values of the 
Bjorken variable x. 

In diffractive leptoproduction it is common to introduce the variable 



Xp 



{p-p')-q Q^ + Mj,-t + Ml 



p-q 



(2) 



with W"^ = [p + qY ~ 2Mz/ — Q^. The notation xp is a reminder of pomeron phenomenology. 
In terms of this variable, 



Mxp. 



(3) 



Our aim here is to investigate the relation between diffractive (virtual) photoproduction of 
hadrons from nucleons and shadowing corrections in deep-inelastic lepton-nucleus scattering. 
For this purpose we need to consider the forward diffractive production cross section with 
t tmin = —kirnin ~ 0- ^plit it iuto the productiou cross section for low mass vector 
mesons p, uj and 0, and the cross section for hadronic final states carrying larger invariant 
masses > IGeV"^: 



dMldt 



E 



, dMldt 



+ 



dM\dt 



(4) 



i«0 



First we explore this cross section in the kinematic domain of nuclear shadowing as measured 
by the E665 and NMC experiments. In this region at x <^ 0.1 the experimentally accessible 
values for the momentum transfer are small. As an example, one has for x < 0.005 an 
average momentum transfer < 1 GeV^ H) Hi ■ For a qualitative discussion, it is therefore 
useful first to consider diffractive (real) photoproduction processes for which more experimental 
data are available than in leptoproduction at finite Q^. 



2.1 Photoproduction 



In the case of photoproduction the vector meson contribution to the diffractive cross section 
in (^) can be described within the framework of generalized vector meson dominance [^, 
One finds: 
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is the photon spectral function as measured in e+e annihilation and e^/Air = 1/137. The 
contribution of the narrow u- and 0-mesons to the photon spectral function is given by: 
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12.9 and masses m„ 
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782 MeV. 



for V = uj,(f), with the couplings g^} 
1019 Me |Tl|. A comparison of (^) with recent photoproduction data taken at HERA gives 
for the cj-nucleon and 0-nucleon cross sections at an average center of mass energy W = 80 GeV 
and ly = 70 GeV, respectively: 



cr^iv = 26.0±2.5m6[13] and a^jv = 19 ± 7m6 [|T|]. 



(8) 



These values are in agreement with an analysis of nuclear effects in u- and ^-production []TT| 
in the framework of vector meson dominance. Unlike the u- and 0-meson the p-meson has a 
large width from its strong coupling to two-pion states. Therefore neither should the p-meson 
contribution to the photon spectral function be approximated by a ^-function, nor is it useful 
to separate contributions from resonant and non-resonant two-pion pairs. Both are accounted 
for in the 7r"'"7r~ part of the photon spectral function which is given by the pion form factor F^: 
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where and Mx = M^^^^ are the invariant masses of the pion and the 7r"'"7r^ pairs. With 
an effective 7r"'"7r~-nucleon cross section a-^T^N = SOmb the main features of the mass distri- 
bution dal^Jf / (IMt^t, for M^-tt < I GeV, as measured recently by the ZEUS collaboration [p!5|] , 
are reproduced. Figure 1 shows our calculated mass spectrum of tt+tt^ pairs using eqs.(|^J|) 
in comparison with recent data from ZEUS [|15|. A perfect fit is obtained when small correc- 
tions from a possible mass dependence of (Tt^t^n are included (for details see ref.[|l^]). For the 



pion form factor we have used the improved vector meson dominance form from ref . |T^ which 
reproduces the measured very well. 

We note that the observed energy dependence of diffractive vector meson production is 
consistent with Regge phenomenology: 



dt 
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where ap{t = 0) = 1 + e ^ 1.1 is the soft pomeron intercept (see e.g. JT^)- This translates into 
an energy dependence of the effective vector meson-nucleon cross section: 



avN ~ iy2(ap(0)-l) ^ ^ 
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The second term in eq.(D describes the ~ 1/Ml behaviour of the diffractive production cross 
section for large masses Mx- Guided by Regge phenomenology JTSl we use the parametrization: 
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With C = 8.2 fib/GeV'^^^^'^'^ we obtain a fair description of the measured diffractive cross section 
from ref. for Mx > 1.5 GeV as shown in Fig. 2. 
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2.2 Leptoproduction 



Diffractive leptoproduction data have recently become available at large (SGel^^ < < 
100 GeV^) from the HI |, g and ZEUS g |, i collaborations at HERA. The corresponding 
diffractive production cross section is usually expressed in terms of the diffractive structure 
function F^'''^\ At small values x < 0.1 of the Bjorken variable we have: 

F,-(^)(x,QVp,t) = ^^. (13) 
vre^ dxpdt 

Up to now no accurate data on the t-dependence of F^^^^ are available. Data exist only for the 
i-integrated structure function 

F,''^'\x,Q'-xp)= f dtF^^'\x,Q^-xp,t). (14) 

In the kinematic region of current HERA experiments one finds that ^2^'^^'' can be factorized 
as follows: 

J., \^ , xp j — — 

Xp 

with j3 = x/xp. Although first data on ^2^''^^ were consistent with a constant n [Q, ||, most 
recent measurements from HI indicate a weak /3-dependence of n [H]. 



F2"{x,Q ; Xp) = (15) 



For the investigation of nuclear shadowing we need the diffractive production cross section at 
t 0, or equivalently F.['^^\x,Q'^; xp,t ^ 0), in a suitably parametrized form. We are guided 
again by Regge phenomenology and the picture, Fig.3, which suggests the following ansatz for 

F2^(^) m ■■ 



F2^(^Hx,QVp,t) = ^^F^(t). (16) 
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Here we have introduced the isoscalar nucleon form factor F{t), as in high energy hadron- 
nucleon scattering [20|. At small t we use: 

F{t) = e'*/^ (17) 

with b ^ A.QGeV^'^. We expand 

a{p,t)^ao{P) + ai{P)t + ... (18) 

For example, if a represents a soft pomeron we expect ao = ap(t = 0) ~ 1.1, and conventional 
Regge behavior corresponds to ai = 0.25 GeV'"^ . The remaining function D{(3,Q'^) needs to 
be determined by comparison with the available data on F^^^\ We find: 

F2 '{x,Q ;xp,t = 0) - 



3j p 



2oo-l ' 



= {b-2ai\nxp)Fp-'>{x,Q^;xp). (19) 

Omitting a possible logarithmic Q^-dependence of the measured ^2^*^^'* we employ the parametriza- 
tion H: 



A{P,Q^) = d 



(20) 
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in eq.(15). We then use the following (different) sets of parametrizations motivated by the HI 
and ZEUS data, respectively: 



(i) We use n = 1.19 as found by the HI collaboration p|. Together with the conventional 
Regge value 0.25 GeV~^ for ai we take d = 0.03 and / = 0.6. The resulting ao ~ 1.13 is 
close to the intercept aip(O) ^1.1 expected for a soft pomeron. 

(ii) The ZEUS collaboration recently found n = 1.46 which seems to be incompatible 
with the simple soft pomeron exchange picture^. In this case we choose ai = 0, d = 0.007 
and / = 0.6. Here we get ao = {n + l)/2 = 1.23. Note that a "hard" pomeron intercept 
ao ~ 1.5 would lead to n 2 which is too large. 

In Fig. 4 we compare our parametrizations to the xp-dependence of the measured structure 
function F^^^^ as found by the HI and ZEUS experiments. Note that a small fraction of the 
data includes diffractive dissociation of the nucleon target. In the present analysis we have not 
corrected for these events. Furthermore we observe that the t-dependence, F^^^^ ~ e^*, of the 
diffractive structure function is determined by the slope 

B{xp) = b-2ai\n xp. (21) 

In the kinematic range 10"^ < xp < 0.05 of HERA we find B ^ (6-9) GeV^'^ for the HI set (i) 
and B ^5GeV-^ for the ZEUS set {ii). 



3 Shadowing effects in deep-inelastic scattering 
from deuterium 

The connection between diffractive (virtual) photoproduction and nuclear shadowing can be 
established most clearly for double scattering contributions to nuclear deep-inelastic scattering, 
i.e. processes in which the incoming photon beam interacts with two nucleons inside the target^. 
To avoid complications from higher order multiple scattering we investigate shadowing effects 
for deuterium. This will be done in the laboratory frame. Realistic nuclear wave functions are 
established only in this frame. 

The photon-deuteron forward scattering amplitude can be written as the sum of single and 
double scattering contributions: 

•^■y*d — ■^^"p "I" •^7*n "I" -^^'d- (22) 

The A^^^ amplitudes describe the incoherent scattering of the (virtual) photon from the pro- 
ton or neutron, while A^'^'^ accounts for the coherent interaction of the projectile with both 
nucleons. At large photon energies v > 3GeV, or small values of a; < 0.1 respectively, the 
double scattering amplitude is dominated by diffractive excitations of the photon to hadronic 
intermediate states. We restrict ourselves to the dominant diffractive photoproduction in the 

^In previous Q] and most recent Q ZEUS data n « 1.3 was found. A reanalysis of the data is in progress 

©■ . . . .. . ^ 

similar analysis for hadron-nucleus collisions can be found in [pl|. 
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forward direction described by the amplitude T^*n^xn- Treating the deuteron target in the 
non-relativistic hmit gives p^ : 



1 rao roo 

TTIVI J —OO J—oo 



-y'N^XN — 



Ml 



-T 



It 



XN~^-y*N- 



(23) 

Here ipdi'^) is the deuteron wave function with the normahzation / dr\ipd{'f)\'^ = 1- We sum 
over all diffractively excited hadronic states X with invariant mass Mx and four-momentum 
(z/, Ox,g2 + kz). After integrating over the longitudinal momentum transfer kz the double 
scattering contribution to the total photon-deuteron cross section reads: 



^ dMldt 



X 



2 ,|£l)\o,(,/,) 



dz |^d(0_L, z) 



2^sin(^/A) 
im 1 



(24) 



Here T = T^*n^xn, and d^a^jl j^/ dMldt\tsiO is the forward diffractive cross section for the 
production of hadrons with invariant mass Mx'- 
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X 



YN^XNl 
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^ dM^dt 



(25) 



In eq.(p^ we sum over all diffractive excitations which are kinematically permitted, i.e. 4m^ < 
Ml <W^. The longitudinal propagation length A of the intermediate hadronic state X is the 
inverse of the minimal momentum transfer (|I|) necessary for its diffractive excitation: 

1 2u 



A 



(26) 



kz,inin + Ml 

Neglecting the real part of the diffractive production amplitudes leads to the well known result 



3|: 
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-Svr dMl ^— ^ 
^ dMldt 



^d(A-i) 



with the longitudinal deuteron form factor 



/OO 
c^^|V^d(0±,z)pcos(^/A). 
-OO 



(27) 



(28) 



As soon as the longitudinal propagation length A(M^) of a certain hadronic intermediate state 
exceeds the average nucleon-nucleon distance in the nuclear target, it will contribute to double 
scattering and therefore to shadowing. Since A decreases with Mx-, low mass diffractive excita- 
tions are important for the onset of shadowing. If the propagation length of a specific hadronic 
intermediate state exceeds the target diameter, A > (r^)^/^ ~ 4/m for the deuteron, double 
scattering is not restricted since Td ~ constant- Therefore in a first approximation hadronic 
states with an invariant mass 



(29) 
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contribute to double scattering. Combining eqs.(|,^,|^) yields the following approximate 
equation for the shadowing correction: 
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-87rJ^d(A 
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-SttJ^M |e V (r{l*N ^ VAT) + bx a{^*N ^ XA^) | , 



(30) 



where Mq ~ m^. Here we have assumed an exponential t-dependence, e''*, for the diffractive 
production cross sections. The corresponding slopes for vector meson production are denoted 
by by, while bx stands for the average slope for the production of hadronic states X with 
< Mi < Ml,. 

Using the parametrizations for the diffractive cross sections as derived in Sec. 2, we can now 
discuss shadowing in the deuteron for real and virtual photon beams. 



3.1 Shadowing for real photons 



It is instructive to apply eq.(^) to real photon-deuteron scattering. The relevant diffractive 
scattering cross sections for this case are given by eqs.(|5|,p!2D. We find: 



6a. 



■yd 



-8nJ^d{0) I J2 cr{^N VN) + W 



c 



(31) 



We observe two sources for the energy dependence of the shadowing correction 6a^d- First, the 
rising diffractive photoproduction cross sections a{'jN XN) ~ W"^"^ with e ~ 0.1 translate 
into a contribution to shadowing with a similar energy dependence. However this is not the 
only source for an increase of 6ajd with W. With rising center of mass energy the propagation 
length A also increases and allows for additional contributions to shadowing from diffractively 
produced states of large mass as can be seen from eq. (p9|) . 



In Fig. 5 we show the shadowing correction 6a jd calculated from eq. (P7D . Here a realistic 
deuteron form factor (^) as obtained from the Paris potential was used. For z/ > 50 GeV 
we find good agreement with the approximation in eq. (|3ll) . The vector meson contribution 
to shadowing is proportional to z/^*^ ^ and dominates 6a^N for u < 300 GeV. At higher 
energies contributions from hadronic states of large mass also become important. In the energy 
range of present fixed target experiments, u < 400 GeV, their increase with v is stronger than 



0.2 



due to the additional contributions from large mass states. 



As already mentioned, recent data on nuclear shadowing from the E665 and NMC collabora- 
tions were taken at small momentum transfers ^ 1 GeV^ for x ^ 0.1. The energy transfer 
in these experiments is typically 40 GeV < u < 380 GeV |0, |^, ^ . Therefore the conclusion 
just drawn applies here too: nuclear shadowing as measured by E665 and NMC is dominated 
by the diffractive excitation and multiple scattering of vector mesons. This observation is in 
agreement with a number of model calculations 



see e.g. p5|, ^). Nevertheless large mass 
states play their role even in the kinematic region of the E665 and NMC measurements as they 
are responsible for the leading twist nature of nuclear shadowing (see e.g. 
references therein). 
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In Fig. 6 we show the ratio of the total photon-deuteron cross section compared to twice the 
free photon- nucleon cross section, R = a^d/'^cr-yN- For the free photon- nucleon cross section 
we use the empirical photon-proton cross section from |^ with the energy dependence a^N ~ 
W'^" ~ Then the shadowing correction grows as Sa^d/'^-o'^d = -R — 1 ~ ~ u^'^ ■ We find 

that our results are well within the range of recent lepton-deuteron scattering data from the 
E665 collaboration measured at Q"^ ^ 0.5 GeK^. 



3.2 Shadowing at large 

When expressed in terms of the diffractive structure function the double scattering contribution 
to the deuteron structure function, 5F2d = ^Sa^*d, becomes (pO|): 

SF2d{x, Q^) ^ -87r^,(0) H dxp F^^'\x, Q^; xp, t ^ 0), (32) 

Jxo 

where Xm ~ 1/M{r'^)^^'^ and xq ~ Q'^/W'^ ~ x for x <^ 0.1. An investigation of SF2d using 
the parametrizations for F^^^^ as derived in Sec. 2. 2 yields, that shadowing is dominated at 
X <^ 0.01 by the leading contribution to the diffractive structure function in the limit of small 
xp <^ 0.01. Using eq.(p!9|) we obtain at small x <^ 0.1: 

1 di.^ o 1 + o (l-/)(l-3n2)-|-2n3 1 



SF2dix, Q') ^ -87r^d(0) — — - (6 - 2ai In x) '—^ — - 2a^ 



^ n [ m? — 1 n(n'^ — 1)^ J 

(33) 

For the different parametrizations of the diffractive structure function F^^^^ in Sec. 2. 2 we find 



from eq. (|33D that at a; <^ 0.01 shadowing increases with decreasing x as 6F2d ~ for the 

parameter set (i), and SF2d ~ a;-o-46 f^j. ^j^^y This observation is confirmed by an explicit 
calculation of the double scattering correction using eq. (p7D together with the deuteron form 
factor as obtained from the Paris potential. The result for 6F2d is shown in Fig. 7. For x < 0.01 
it agrees well with the approximation in (|33D. We conclude that at large > lOGeV^ and 
small X < 0.01 shadowing is controlled by the behavior of the diffractive structure function at 
small values of xp, or equivalently at large hadronic masses Mx- 

Recent data from HERA show that at corresponding values of x <^ 0.01 and ^ lOGeV"^ 
the inclusive nucleon structure function rises as F2N ~ with A = 0.25 — 0.3 |3ll]. Therefore 
we find that in this kinematic region R = F2d/'2F2N increases moderately with decreasing x 
for the parameter set {i) which is guided by the HI data on the diffractive structure function. 
For the parameter set {ii) motivated by data from ZEUS we observe a slow decrease of the 
shadowing ratio with decreasing x. In Fig. 8 we present the results for the structure function 
ratio R using the free nucleon structure function from ref. |^ taken at = 25GeV^. 



A comparison with the results from the previous section demonstrates the qualitative differ- 
ence between the energy dependence of shadowing at small and large Q^. 

A similar prediction was made recently by Kopeliovich and Povh [Q. They express the 
virtual photon-nucleon cross section at small x through the interaction of hadronic fluctuations 
of the virtual photon with different transverse sizes. The contribution of a certain hadronic 
fluctuation is given by its weight in the photon wave function, times its interaction cross section. 
The probability to find large size (~ 1/Aqcd) quark-gluon configurations in the virtual photon 
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is suppressed by K^fjj^/Q"^, as compared to small configurations with transverse sizes 6^ ~ Q~^. 
However since the interaction cross sections of such hadronic fluctuations are proportional 
to their transverse size, both give leading contributions ~ to the photon-nucleon cross 

section. This is different for the coherent interaction of the virtual photon with several nucleons 
as, in deep-inelastic scattering from nuclei at small x. For example the contribution of a 
hadronic fluctuation to double scattering is given by its weight in the photon wave function, 
multiplied by the square of its interaction cross section. Consequently large size configurations 
yield a leading l/Q^-contribution to the double scattering cross section, while contributions 
from small size configurations are proportional to and suppressed. Therefore multiple 

scattering contributions to the virtual photon-nucleus cross section at small x are dominated 
by the interaction of large-size hadronic fluctuations. The energy dependence of the interaction 
cross section of photon-induced large size quark-gluon configurations should be similar to the 
one observed in high energy hadron-hadron collisions, and therefore much weaker than the 
strong energy dependence of the nucleon structure function at small x and large Q^. 

Finally we emphasize that in contrast to the ~ case discussed in Sec. 3.1, the diffractive 
excitation of vector mesons is not relevant at large > 10 GeV^. This is simply a consequence 
of the strong decrease of vector meson production cross sections with Q^, e.g. a{'-f*N — > pN) ~ 
Q-<^ with (3 ^ 4.2-5.0 H. From eq. (|30|) we estimate the vector meson contribution to the 



shadowing correction 6F2d to be less than 3% at large Q 
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4 Summary 



Shadowing effects in deep-inelastic lepton-nucleus scattering are dominated by the diffractive 
excitation and coherent interaction of hadronic Fock states present in the wave function of the 
exchanged virtual photon. Therefore shadowing is closely related to diffractive leptoproduction 
of hadrons from individual nucleons. We have investigated this connection using the currently 
available experimental information for both processes. We find that in the kinematic regime 
of small X <^ 0.1 and small < IGeV"^, as in recent experiments from the NMC and E665 
collaboration, shadowing is dominated by vector mesons. At large values of the situation 
is different. Using data on the diffractive nucleon structure function from HERA we have 
shown that heavy mass states play a dominant role in shadowing at small x <C 0.1 and large 
^ 1 GeV^. Furthermore we have demonstrated that the energy dependence of shadowing 
is directly related to the dependence of the diffractive production cross section on the mass of 
the final hadronic state. In view of these results, it appears that the currently discussed option 
of accelerating ions at HERA could add interesting new information about diffractive processes 
for nuclear and nucleon targets. 
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Figure Captions 



Figure 1: The mass distribution da'^^Jj/ dM^^T^ of diffractive photoproduction in the rho meson region. 

The dashed curve shows the contribution from the vr+vr" part of the photon spectral 
function (|^). The full curve includes a small mass dependence of cr^jrAf [0- The data are 
taken from the ZEUS collaboration ]TB|. 



Figure 2: The diffractive photoproduction cross section for large masses Mx- The full curve shows 
the fit from eq. dT^) . The data are taken from and extrapolated to t = using an 
average slope 6 = 5 GeV~'^. 



Figure 3: Regge picture of diffractive lepton-nucleon scattering |[T9|] 



Figure 4: The diffractive structure function F2^^^ as a function of xp. The full and dashed curves 
correspond to the parametrizations {i) and (m) in Sec. 2. 2. The data are taken from HI 
(dotted) [| and ZEUS (triangles) g, (squares) §. 



Figure 5: The energy-dependence of the shadowing correction 5a calculated from eq. (|27|) . The 
dashed line shows the vector meson contribution. 

Figure 6: The shadowing ratio R = o"^rf/2cr^jv as a function of the photon energy. The dashed line 
shows the vector meson contribution. The experimental data are taken from the E665 
collaboration [0]. (The energy values of the data have to be understood as average values 
which correspond to different x-bins.) 

Figure 7: The shadowing correction 6F2d from eq.(^) at large Q'^ ~ 25 6*6^^ plotted against x. 

For the diffractive structure function F^^^^ we have used the parametrizations (i) (full) 
and (a) (dashed) from Sec. 2. 2. 

Figure 8: The shadowing ratio R = F2d/2F2N at large ~ 25GeV^. The full and dashed curve 
correspond to the diffractive structure function (i) and (ii) from Sec. 2. 2, respectively. 
The nucleon structure function has been taken from p2[ at = 25GeV^. 
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